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(57) Pec£epa-n 

Hcnorib30BaHMe: atia nonyneHUE 
CBepxnpoBOflflU4nx Marepnanos H3 OKCkiAHbtx 
wieTannoKepaMMK npn co3Aannn TOKonecymnx 
H3AennCi. Cnoco6 ocyinecTBiifleTCfl cneAyKDLAHM 
o6pa30M: ncxoAHbie KOMnoHeHTbi, B3?iTbie b 
cooTHOiueHMM, orjecnenwiBaioLAeM xnwinMecKUM 
cocTaB coeAHHeHMM Bi 2 Sr 2 Ca<|Cu 2 0 8 + x hum 
[Bi 1?7 Pb(Sn nun Sb) 0 ,3] Sr 2 Ca 1 Cu 2 0 8+x , 
nepeMeiuMBaioT, npoBOA^T npeAsapHTeribHyK) 
TepMHMecKyio o6pa6oTKy LUHXTbi, LuwxTy nnaBHT 
m 4)OpMHpytoT nony4)a6pnKaT nocpeACTBOM 



BaKyyMHOM oTKaMKH, HanpaB/iflfl pacnnaB b 
MeTannHHecKyio o6onoMKy. nanyneHHbiM 
nojTyc£a6pi/iKaT noABepraHDT o6pa6oTKe 
AaBneHHeM ra30Bow 3KCTpy3kietf hjih npoKaTKOM 
b BanKax. nocne Aec^oPM 31 ^^^ npoBonoKy 
noAsepratoT c£a30o6"pa3yioLi4eM TepMi/mecKofi 
o6pa6oTKe. 3aTeM npOBonoKa noABepraeTcfl 
KoppeKTHpyroinefi TepMi/mecKOM oGpa6oTKe. 
flonoriHHTenbHO nocne cJ)a30o6pa3ytoLAetf 
TepMkmecKow o6pa6oTKH npOBonoKa 

noABepraeTCfl npoKaTKe B rieHTy ao TonLAMHbi 
0,05 0,1 mm c noBTOpHO^ ct>a30o6pa3yiOL^eM 
TepMMMecKofi o6pa6oTKo£v 11 3. n. (£-nbi. 



ro 
o 

CO 

o> 

CO 
CD 




(19) R|J (11, 



2 048 689 C1 

H 01 B 12/00 



(51) Int. CI. 6 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 



< 12 > ABSTRACT OF INVENTION 



(21), (22) Application: 93037534/02, 22.07.1993 


(71) 


Applicant: 






Moskovskij institut stall i splavov 


(46) Date of publication: 20.11.1995 








(72) 


Inventor: Komarov A.O., 






Nigmatulin A S., Melekhin V.F., Novikov 






A.V. , Voronkov S.A., Kruglov V.S., Bashchenko 






A. P., Soshnikov V.L 




(73) 


Proprietor: 






Moskovskij institut stati i splavov 



o 

a> 

CO 
CO 
CO 



(54) PROCESS OF MANUFACTURE OF COMPOSITE WIRE FROM OXIDE-METAL CERAMICS OF BSCCO 
SYSTEM 



(57) Abstract: 

FIELD: radio engineering. SUBSTANCE: 
process is used for manufacture of 
superconductive oxide-meta! ceramics when 
producing current-carrying articles. 

Starting components are taken in proportion 
providing for chemical composition of 
components Bi 2 Sr 2 Ca 1 Cu 2 0 8+x or [Bi 17 Pb(Sn 
or Sb) 0 3 3 Sr 2 Ca 1 Cu20 a+5< , I are mixed up and 
preliminary thermal treatment of mixture is 
conducted. Then mixture is melted and 
semi-finished product is formed by vacuum 



pumping directing melt into metal shell. 
Produced semi-finished product is subjected 
to plastic metal working by gas extrusion or 
rolling. After deformation wire is subjected 
to phase- forming thermal treatment. Then 
correction thermal treatment is conducted. 
In addition after phase-forming thermal 
treatment wire is subjected to rolling into 
belt with thickness of 0.5-0.1 mm with 
repeated phase-forming thermal treatment. 
EFFECT: enhanced manufacturing efficiency 
and productivity. 12 ci 
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Hao6peTeHne othochtch k o6nacTn 

TeXHUHeCKOtf CBepxnpOBOA^MOCTM, B MaCTHOCTH 

Arm nonyMeHi/m cBepxnpoBOAfli-MMX MaTepi/ianoB 
H3 oKCHAHbtx MeTanfiOKepaMMK npn co3AaHHM 
TOKOHecymux H3Aennft. 

l/l3BecTeH cnoco6 nonyneHHfl 

KOMn03H14HOHHOtl npOBOflOKH H3 

CBepxnpoBOAfiLne^ MeTannooKcuflHOM KepaMUKn 
CMdeMbi Ba-Y-Cu-O, npnroTOBneHHbifi MeTOAoM 
nopomoK b Tpy6e (3a&BKa EPB N 0281444, kji. H 
01 B 12/00, 1988), BKJiKDMaKDLMUfi 3anojiHeHi^e 
MSTannnnecKOM Tpy6bi nopoixiKOM KepaMUKn Ha 
ocHOBe crio>KHoro oKcnoa, o6na,qaK)Lnero 
CBepxnpOBOflMMOCTbkD, oG>KaTH6 Tpy6bi CO 
CTeneHbKD 16-92% c noMou^bkD BbtTHKKH nnn 

KOBKM C HCnOJlb30BaHHeM BOflOK nnn 

3KCTpyflepoB m TepMUMecKyio o6pa6oTKy npn 
700-1 000°C. TeMnepaTypa nepexoAa b 
cBepxnpoBOfl^Lnee cocTOHHne cocTaBuna 85-95 
K, Kpi/iTMMecKaa nnoTHOCTb TOKa 700-1100 
A/cm 2 npM 77K b HyneBOM warHUTHOM none. 

Hau6onee 6nn3KUM TexHUMecKMM peLueHnew 
no cyuj^HocTH w no AooruraeMOMy pe3ynbTaTy 
npn ero ncnonb30BaHnu ABnaeTCfl cnoco6 
nonyMeHUR KOMno3Hi4HOHHo£* npoBonoKn H3 
CBepxnpoBOA^Li^eM MeTannooKCMAHoM KepaMUKn 
CHdeMbi BSCCO, BKnkDMafOLA^M npuroTOBneHne 
LunxTbi, npeABapnTenbHyKD TepMUMecKyio 
o6pa6oTKy npn TeMnepaTypax 850-880°C a^h 
npoBeAennfl TBepAo0a3Horo cnHTesa 
coeAMHeHHH Bi 2Sr 2 CaiCu 20 8 +x, u3MenbneHne 
coeflUHeHnyi b noponioK, pasMeu^eHne noponiKa 
b cepe6pflHotf Tpy6Ke c BHyTpeHHuw A^aMeTpoM 
6 mm, npoKaTKy ao BHyTpeHHsro A^aMeTpa 1 ,5 m 
m KoppeKTupy KJLi^yK) TepMUMecKyKD o6pa6oTKy 
npn TeMnepaiype 6onee 800 °C Ha B03Ayxe. 
TeMnepaTypa nepexoAa b cBepxnpoBOAflLAee 
cocTo^Hne cocTaBuna 85 K, a KpUTHMecKa* 
nnoTHOCTb TOKa (J c ) 1200 A/cm 2 (4,2 K, OT). 

ripoBonoKa, nonynaeMan 
BbiLuen3iio>KeHHbiMH cnoco6aMU, ^MeeT HH3Kyio 
nnoTHOCTb KepHa 60-80% TexHonornMecKH 
cno>KHa n nnoxo BocnponsBOAHMa npoi4eAypa 

0opMHpOBaHHfl flHUHHOMepHblX TOKOHecymux 

aneMeHTOB. CBepxnpoBOAflLAHtf KepaMUHecKHfi 
KepH no Annne o6paai4a nMeeT cunbHbte 
KoneGaHi^H nonepeMHoro ceneHUFi, a caM MeTOA 
orpaHMHeHHo nosBonaeT ocymecTBnflTb 
KOHTponb m ynpaBneHne npoueccaMM 
0opMMpoBaHHw CTpyicrypbi MaTepnana. KpoMe 
Toro, AaHHbiM MeTOA, ncnonb3yk}LAH w npoi^ecc 
TBepAo45a3Horo cnHTe3a cBepxnpoBOAflmero 
coeAHHeHUfl, He no3Bon$ieT ycTpaHHTb cna6bie 
cb*3H Me>KAy oTflenbHbiMn KpucTannnTaMM B 
TexHonorviHeCKOM unKne, a npoi^ecc 
Ae0opMaL^nn Bbi3biBaeT pa3Mon 3epen \a 
3HaMMTenbHoe yMeHbLueHne nx pasMepoB, hto 
TaioKe oTpnuaTenbHO BnnaeT Ha KpnTHMecKyro 
nnoTHOCTb TOKa. TaKUM o6pa30M, 
ncnonb3yeMbm MeTOA nopoiuoK b Tpy6e He 
no3Bon«eT peuiHTb KapA^HanbHyio saAany 

nOBblLUeHU^ KpHTHMeCKOW nnOTHOCTH TOKa 

nuKBHAai^MK) cna6bix cBflsew Me>KAy 
KpucTannnTaMn n AocTMMb bwcokhx 3HaMeHnCi 
J c b ci/inbHbix MarHMTHbix nonax. 

L4enb M3o6peTeHUfl co3AaHi/ie cnoco6a 
nonyneHHw AnnHHOMepHow KOMno3UL^OHHoti 
npoBonoKn M3 cBepxnpoBOAfl^ei'i 
MeTannooKCHflHoi^ KepawnKn, KOTopwi* 
o6ecneHMn 6bt nonyneHne BbtcoKnx nnoTHocTePi 
KpnTMHecKoro TOKa b M3Aeni/mx b cunbHbix 
MarnnTHbix non^x. 

nocTaBneHHa* L^enb AOdnraeTc^ TeM, mto b 
cnoco6e nonyneHW^ KOMno3ni4HOHHoi?i 
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npoBonoKM M3 cBepxnpoBOAflLnePi 
MerannooKCHAHOM KepaMUKH BKntOHafomero 
npuroTOBneHne luhxtw, npeABapnTenbHyK) 
TepM unecKy kd o6pa6oTKy, c£opMupoBaHne 
nonyc|5a6p^KaTOB, A©cjDopMai4Mto n 

KoppeKTnpyK)LAyto TepMMnecKyto o6pa6oTKy, 
LUHXTy nocne npeABapHTenbHoCi TepMHHecKotf 
o6pa6oTKn noABepraioT nnaBneHUKD. 

OopMUpoBaHne nonycftaBpuKaTOB 
ocy mecT Bn 9\ kdt , HanpaBnjRH pacnnaB b 
MeTannnnecKne o6onoHKH, a nocne 
Ae0opMai4MM npoBono«y noABeprakDT 
Qba3oo6pa3yK)ii^eM TepMnnecKo^ o6pa6oTKe. 
ripeABapnTenbHyK) TepMUMecKyKD o6pa6oTKy 
LunxTbi ocyu4ecTBn«KDT npn TeMnepaTypax 
700-780°C b TeMeHMe 3-5 m Ha BOSAyxe nnn 
npn TeMnepaTypax 810-830°C b TeqeHne 
10-100 m. B ncxoAHyfo LunxTy AononHMTenbHo 
bboa^t oKci^Abt CBUHi^a, onoBa nnn cypbMbi, a b 
KanecTBe o6onoMKM ncnorib3ykDT 

MeTannnnecKyK) Tpy6Ky Ha BHyTpeHHKDK) 
noBepxHocTb KOTopoii HaHeceHo noKpbtTkie M3 
cepe6pa. 

flec^opMaL^HKD nony43a6pnKaTOB 
ocymecTBnwKDT ra30Botf 3KCTpy3new npn 
TeMnepaType 25-820 °C c AaBneHneM ra3a b 
peaKi^noHHoC^ KaMepe 50-600 MHa, CKopocTb 
BbixoAa npoBonoKM i^inn neHTbt cocTaBn^eT 
0,5-150 mm/c unM npoKaTKOM b BanKax npn 
TeMnepaType 400-800°C, CKopocTb npoKaTKM 
cocTaBuna 5-15 cm/c. ct>a3oo6pa3yioLL^ayi 
TepMnnecKaa o6pacoTKa nocne Aoc^opMaL^nn 
npoBOAHTC^ c HarpeBaHneM npoBonoKn co 
CKopocTbK) 20-1 00 °C C/mhh ao TeMnepaTypw 
650-7 50°C. BbiAep>KKy ocymecTBnflfOT Ha 
B03flyxe b TeneHne 5-100 h. 

Oa30o6pa3yioLAafl TepwunecKa^ o6pa6oTKa 
nocne Aec£opMai4HH npoBOAHTC^ b aTMoco^epe c 
<£nKCnpoBaHHbiM co Ae p>Ka h n e m Kucnopofla npn 
TeMnepaType no^BneHnyi >khakoPi c£a3bi 
(810-900°C) b Tenenne 5-15 muh, npuneM 
HarpeB n oxna>KAeHwe npoBOA^T co 
CKopocTbK) ^10°C/mhh, a nocne 
KpncTannM3ai4nn >kmako£^ 4?a3bi ocymecTBnwKDT 
BbiA©P>KKy 10-20 h . ct)a30o6pa3yK)LL4aw 
TepMHHecKafl o6pa6oTKa nocne A©0opiviai4nn 
npoBOAHTcw nnaBaKDLnefi 3ohoPi c 
TeMnepaTypHbiM rpaAneHTow 150-350°C/cm npn 
TeMnepaType 600-1200°C co CKopocTbK) 
nepeMeu^eHUfi 30Hbi 10-100 mm/m. 
0a3oo6pa3yK)U4aFi TepMnnecKaw o6pa6oTKa 
nocne Aec^)opMai4MH ocymecTBnfleTCfl 
ccf30KycnpoBaHHbiM CBeTOBbiM nnn na3epHbiM 
nyMKOM ao pacnnaBa KepHa BHyTpn 
MeTannnnecKOM o6onoMKH. CKopocTb 
nepeMeu4eHH5R 30Hb! pacnnaBa cocTaBnneT 
0,5-30 mm/4. 

nocne aba3oo6pa3ytoLnefi TepMUHecKoCi 
o6pa6oTKn npoBonoKa noABepraeTcn 
KoppeKTupyKDLAefi TepMnnecKoPi o6pa6oTKe npn 
TeMnepaTypax 450-750°C b TeMeHMe 1-15 h b 
aTMocqbepe c cpuKcupoBaHHbiM coAep>KaHneM 
KucnopoAa. nocne cf)a3oo6pa3yKDLAe^ 
TepMnnecKoCi o6pa6oTKH npoBonoKa 

noABepraeTCR AononHHTenbHoPi npoxaTKe b 
neHTy c noBTopHoC^ c^a3oo6pa3yioLAeCi 
TepMnnecKOw o6pa6oTKotf. KonnnecTBO i^MKnoB 
AeqbopMaL4HH-TepMOo6pa6oTKa cocrraBrifleT 2-5. 

CymHocTb n3o6peTeHH« coctomt b 
cneAyK)LueM. <t>opMnpoBaHne CBepxnpoBOA^LU^x 
cTpyicryp ocyLAecTBnyieTc^ H3 MeTacTaonnbHbix 

(B HaCTHOCTH aMOpC^Hb!X) COCTOflHMM B 

rpaAneHTHbix TeMnepaTypHbix nonnx M nnn b 
pa3nnHHbix arperaTHbix cocto^hh?ix cucTeMbi 
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(TBepAOM, >KMflKOM HI1H MaCTHMHO 

pacnnaBneHHOM) b coBOKynHOc™ c 

MexaHMHeCKMM B03AeMCTBHeM. flaHHbifi MeTOA 

no3Bon«eT obopMHpoBaTb Hpe3BbwafiHO 

LUHpOKWM CneKTp CTpyKTypHblX COCTOflHUPi 

CMCTeMbi: ot awiopcjDHOro ao KpucTanni/MecKoro, 
c pa3Mepoiw KpkicTann'nTOB ot Aonefi mukpoh ao 
HSCKOfibKHX MHJinnivieTpoB, ot roMoreHHoro ao 
MHoroobasHoro, c pasnnHHofi cTeneHbio 
Bbipa>KGH h oct m TeKCTypbi n ncKHfoMHTb cna6bie 
CBH3H we>KAy KpucTannnTaM n . 

UeneHanpaBneHHoe ynpaBneHwe 
npoi^eccaMM KpucTannnsai^Mn \a 

c£a3oo6pa30BaHWfl cnoco6cTByeT AOCTHweHWK) 
Tpe6yeMbix CBepxnpOBOA*mnx napaiueTpoB 
MaTepnana. TaKHM o6pa30M, ncnonb3yfl b 
KanecTBe wcxoahopd MeTacTa6wibHoe 

COCTOflHkie CMCTeMbi, MO>KHO paCCHHTblBaTb Ha 

yAOBJieTBopeHMe Bcex ocHOBHbtx Tpe6oBaHHtf 
Ann o6ecneHeHHfl BbicoKMX 3HaMSHHM 
KpnTMMecKoro TOKa: 

1) ycrpahieHne cna6bix CBfl3eti Me>KAy 
oTAenbHbiMM KpucTannnTaMn; 

2) cjDopMnpOBaHne curibHO 
TeKCTypupoBaHHoro MaTepnaria c 
pacnono>KeHneM nnocKocTn (ab) napanneribHo 
HanpaBJisHMK? npcrreKaHkm TOKa; 

3) BBGASHne b MaTepnan u,eHTpoB nnHHUHra, 
Bapnai^nM nx obH3HHecKofi npupoAbt, 
KonnnecTBa, pa3iwepoB i/i t.a. 

ripoBefleHMe npeflBapnTenbHoti 
TepMMHecKOM o6pa6oTKH LUMXTbi npn 
TeMnepaiype 700-780°C b TeneHkie 3-5 m 
co3AaeT yonoBHfl Ana ocymecTBneHUfl nonHOM 
aMop4)H3au,nn o6~beMHbix n3Aennfi, a 
TepMUHecKaa o6pa6oTKa npki TeMnepaType 
810~830°C b TeneHHe 10-100 M no3BonaeT 
npoBecTH cnHTe3 CBepxnpoBOA^LAePi abasbi. 

nnaBTieHUe LUHXTbi B pa3JlkNHbIX HCXOAHblX 

coctoahhhx h nooneAy ioi_Liee cpopwiMpoBaHne 
nonyt£>a6pnKaTOB nocpeACTBOM BaKyyMHofi 
3aKaHKn pacnnaBa b MeTanriMMecKne o6oj~iohkh 
nosBonaeT nonynaTb 3aroTOBKH b 
MeTacTa6i/inbHbix nnn aMopc£>Hbix coctohhmhx. 

HenoriHan aMopabH3au,nfl npMBOAUT k 
noRBJieHMK) b MeTacTa6nnbHot?i cucTeiwe 
i4eHTpoB KpncTajiriM3at4nn (BbtfleneHMe c£a3bi 
2201 b aMOpa>HOM MaTpni_ie) n cnoco6cTByeT 
ynpaBfieHHio npoi_ieccaMH HanpaBneHHofi 
KpncTanriM3at4MM, Hanpi/iMep opueHTMpOBaHHoro 
pocTa KpucranriMTOB, mto b KOHeHHOM c^ere 

npHBOA^T K yCKOpeHHOMy OpopMUpOBaHHK) 

CBepxnpoBOA^LL^MX H3Aennfi i/i pocTy BeriMMUHbt 
KpnTunecKoro TOKa. 

JlernpoBaHne cfiCTeMbi BSCCO oKCHAaMM 
CBUHi^a, onoBa nnn cypbMbi no3BonfleT 
perynnpoBaTb coAep>KaHne KucnopoAa b 
coeAUHGHne 2212 v\ cooTBeTCTBeHHo ynpaBnflTb 
TeMnepaTypoM nepexoAa b CBepxnpOBOAflmee 
cocTo^Hne. HannHne BHyTpeHHero cjiojr 
cepe6pa Ha MeTannHHecKofi o6onoHKe, 
Hau6onee WHepTHoro H3 i/i3BecTHbix MeTannoa k 
<£a3e 2212, nosBonaeT noBbicnTb TeMnepaTypy 
TepMUMecKoCi o6pa6oTKn npoBonoKH 6e3 
cHUweHMH cBepxnpoBOA^i-Mux cboCictb h 
ncK/iKDHMTb B3auMofleMCTBne c^a3a-o6onoMKa. 

flec^opMai^nfl nonyc|Da6pnKaTOB no3Bon«eT 
nonynaTb npoBonoKy nnn neHTy Heo6xoA^Moro 
pa3Mepa, a Tame noAroTOBHTb Heo6xoAMMyfo 
CTpyxrypy MaTepnana Ana c^opMnpoBaHna b 
nocneAy lOLi^eM cBe px n p ob o a^ la e ro coeA^HeHnfl 
2212 n ero TeKCTypy. 

npoBOAfl a>a30o6pa3yraLi^ne TepMnnecKne 
o6pa6oTKM Ana ynpaBfieHHfl npou,eccaMn 
0ba3006pa30BaHM« n ycKopeHMR pocia 
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CTpynrypbi 2212, mojkho nojiynaTb BbicoKMe 
cBepxnpoBOA^iAH© napaMeTpbi MaTepnana. 

O AH a KO H3-3a CMJlbHOM 3HH3DT ponuM 

KpHTunecKoro TOKa Heo6xoAHMO obopMnpoBaTb 
ocTpyio TeKCTypy. flna 3ToCi uenn Mcnoiib30Bann 
TepMUMecKyK) o6pa6oTKy ocyLAecTBnfleMyK) 
CBeTOBbiM nnn na3epHbiM nyHKOM ao 
pacnnaBJieHMH KepHa nnn o6pa6oTKy 
nnaBafOLAeM 30Hofi c rpaAneHTOM TeiwnepaTyp 
150-350°C/cm npn TeiwnepaType o6pa6oTKH 
600-1 200°C co cKopocTbK) nepeweLAeHna 30Hbi 
10-100 mm/m. UnKJiMHecKoe coneTaHne 
TepMnnecKOM o6pa6oTKn c AeabopMai^netf 
no3Bon«eT 3HannTenbHo noBbicnTb CTeneHb 
TeKCTypbi KepHa npoBonoKH. 

HpoBeAeHne AonoriHMTenbHOM o6pa60TKM 
npn TeMnepaType 450-750°C b TeneH^e 1-15 h 
Heo6xoAHMO Ana ynpaBneHna coAep>KaHneM 
KucnopoAa b coeAnneHnn , t.k. 

QKcnepuwieHTaribHO ycTaHOBneHo 3aBMcnMOCTb 
TeMnepaTypbi nepexoAa b cBepxnpoBoAau^ee 
cocTO^Hne (Tk) ot coAep>KaHMfl KucnopoAa. 

I~l p n m e p 1 . HcxoAHbie KOMnoHeHTbi 
Bi 2O3, SrC0 3 , CaC0 3 m CuO BsaTbie b 
nponopu.nn, o6ecneHMBa(ou4ne xhmhhsckhPi 

COCTaB COeAHHeHM51 

Bi 2Sr2CaiCu 2 O a+x nepeiweLUHBaKDT ao 
nonyMeHMa oahopoahoh iunxTbi : npoBOA^T 
npeABapMTeribHyio TepMnnecKyK) o6pa6oTKy 
LUHXTbi npH TeMnepaType 700°C b TeMeHne 5 h 
Ha B03Ayxe, nnaB«T npM TeMnepaType 
1100-1200°C b TeqeHHe 5-15 mmh h 
nocpeACTBOM BaKyyMHotf OTKaHKM HanpaBfiHKDT 
pacnnaB b cepe6p«HyK) o6onoMKy. IloJiyMeHHbiCi 
nonyct)a6pHKaT noAsepratoT o6pa6oTKe 
AaBfieHHeM ra30BoW 3KCTpy3nefi npi/i 
TeMnepaType 25°C c AaBneHMeM ra3a b 
peaKqHOHHot^ KaMepe 600 Mlla, CKopocTb 
BbixoAa npoBonoKH cocTaBnaeT 0,5 mm/c np^i 
CTeneHH Aec^opMauMM 5% 3a oahh l^ukti. 
KoHeMHbiCi AnaMeTp npoBonoKM cocTaBun 1 ,0 
mm. nonyMeHHywD npoBonoKy 3arpy>KatoT b 
Myc£>enbHyK) nenb h noABepraioT 
oba30o6pa3yKou^eCi TepMMHecKofi o6pa6oTKH, 
Harpeaaa co CKopocTbio 20 °C/mmh ao 
TeMnepaTypbi 650°C H BbiAep>KMBaK)T 100 h. 
3aTeM npoBonoKy oxnawaioT m noABepraioT 
KoppeKTHpyfoLAeui TepMnnecKofi o6pa6oTKe npH 
TeMnepaType 450°C. 

BeriHHHHbi, He yKa3aHHbie b npMMepax 2-12, 
aHanornHHbi BeriHHMHaM b npMMepe 1. 

n p m m e p 2. npHroTasJiMBaioT LiiMXTy, KaK 
b npuMepe 1, npoBOA^T npeABapHTeribHyio 
TepMMMecKyio o6pa6oTKy LUHXTbi npH 
TeMnepaType 780°C b TeneHHe 3 h. nocne 
nnaBJieHMa h QbopMMpoBaHHfl noriyc>a6pnKaTa, 
noABepraioT ero rasoBovi 3KCTpy3Mn npH 
TeMnepaType 820°C, AaBrieHnn ra3a b 
peaKi^HOHHOM KaMepe 50 Mrta CKopocTb BbixoAa 
npoBonoKH cocTaBiiqeT 150 mm/c ripn CTeneHH 
AecpopMat4HM 98% 3a oahh l^hkji. nonyneHHyK) 
npoBonoKy 3arpy>KaK)T b Mycf)eribHyio neMb h 
noABepraioT cf)a3oo6pa3yK)meM TepMMnecKOfi 
o6pa6oTKe, HarpeBaq co CKopocrbK) 100°C/mmh 
AO TeMnepaTypbi 750°C h BbiAep>KHBaq 5 h. 
3aTeM npoBonoKy oxna>KAaK)T m noABepraioT 
KoppeKTHpyiou^eM TepMnnecKOM o6pa6oTKe npn 
TeMnepaType 750°C. 

I~l p n m e p 3. ripuroTaBiiUBaioT ujMXTy ! KaK 
b npMMepe 1, npOBOA^T npeABapnTeribHyio 
TepwunecKyio o6pa6oTKy npn 810°C b TeMeHne 
100 m nocne nnaBneHnw m cfciopMnpOBaHHfl 
nonyo>a6pnKaTa noABeprafOT ero Ae^opMai^MM 
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npoKaTKoPi b BanKax npn TeMnepaType 400 °C 
co cTeneHbkD AecpopMai^nn 5% CKopodb 
nepeMeu^eHUJi npoBonow cocTaBnaeT 1 5 cm/c. 
nonyHeHHyK) npOBonoKy noABepraKDT 
cpa30o6pa3yhOLnePi TepMi/mecKoi/i o6pa6oTKe, 
HameBaa b MycfcenbHoPi nem/i co CKopocTbKD 
10 °C/muh ao TeMnepaTypb! 810°C, 
Bb!A©P>KHBaK)T b TeneHi/ie 15 muh n oxna>KAaK>T 
AO TeMnepaTypbi KOHi4a Kp^cTannn3ai4MH 

>KVlAKOfi C£>a3bl CO CKOpOCTbKD 10°C/H U 

BbiA^p>KHBafOT 10 h. 3aTeM npOBonoKy 
oxna>KAaK)T u noABepraKDT KoppeKTUpyKxnert 
TepMUMecKotf o6pa6oTKe npu TeMnepaType 

600 °C. 

n p h m e p 4. npuroTaBnuBaKDT wuxTy, K3K 
b npwviepe 1, npoBOA^T npeAsapMTenbHyKD 
TspMUMacKyK) o6pa6oTKy npw 830 °C b TeneHue 
10 m. flocrie nnaBneHun u abopMUpoBaHi/ia 
nojiycpa6pnKaTOB noABepraKDT ero npoKaTKe b 
Ba/iKax npu TeMnepaType S00°C co cTeneHbKD 
Ae4)opMauMH 90% 3a oahh UHKn. CKOpocTb 
nepeMea^eHna npoBonoKH cocTaBnaeT 15 cm/c. 
rionyMeHHyK) npOBonoKy noABepraKDT 
43a30o6pa3yK)LAePi TepMUMecKOM o6pa6oTKe 
HarpeBafl b Myc£enbHotf neMU co cKopocTbK) 
5 °C/mmh ao TeMnepaTypbi 900 °C, 
BbiAeprcusaioT b TeneHwe 5 muh m oxna>KAaK>T co 
CKopocTbK) 5°C/m ao TeMnepaTypbi KOHLja 
KpncTannn3aL\nn khakoCi a>a3bt u BbiAepwuBaKDT 
20 m. 3aTeM npOBonoKy oxna>KAaKDT u 
noABepraioT KoppeKTupyioLAert TepMunecKotf 
o6pa6oTKe npu TeMnepaType 700°C. 

n p \a m e p 5. npuroTaBnuBaKDT LiinxTy, 
npoBOA^T npeABapMTeribHyK) TepMunecKyKD 
oo"pa6"oTKy, nnaBflT ee, cjDOpMUpyKDT 
nonya>a6pnKaT 1/1 npoBoA^T A©c£>opMai4HK) (cm. 
npi/iMep 1). nony^eHHyKD npOBonoKy noABepratoT 
c$3a30o6pa3yKDLAeM TepMnnecKoPt o6pa6oTKe, 
o6pa6aTbiBafl ee nnaBaHDinePi 30Hotf c 
TeMnepaTypHbtM rpaAneHTOM 150°C/cm npi/i 
TeMnepaType 600°C, CKopocTb nepeMemeHUfl 
30Hbi cocTaBnweT 10 mm/m. 3aTeM npOBonoKy 
noABepraioT KoppeKTHpyKDLnefi TepMnnecKoft 
o6pa6oTKe b Mycfc>enbHcm nenn npu TeMnepaType 
700°C. 

n p \a m e p 6. npnroTaBJ~inBaK)T wuxTy, 
npoBOA^T npeABapwTenbHyKD TepMUMecKyKD 
o6pa6oTKy, nnaBHT ee, c^opMnpyioT 
nonya>a6pnKaT n npoBOA^T Ae<£opMai4UKD (cm. 
npi/iMep 1). nonyneHHyio npOBonoKy noABepraKDT 
c£a30o6pa3yioLAefi TepMHHecKotf o6pa6oTKe, 
o6pa6aTbiBa?i ee nnaBaioL^eM 30H0P1 c 
TeMnepaTypHbiM rpaA^eHTOM 350°C/cm npu 
TeMnepaType 1200°C, CKopocTb nepeMeineHHfl 
soHbi cocTaBnweT 100 mm/m. 3aTeM npOBonoKy 
noABepraioT KoppeKTupyioLAePi TepMUMecKofi 
o6pa6oTKe b MycjDenbHoft ne*-m npu TeMnepaType 
700°C. 

n p u m e p 7. npuroTaBnuBaioT wuxTy, 
npoBOA^T npeflBapmenbHyio TepMUMecKyKD 
o6pa6oTKy, nnaBJTT ee, c^opMupyKDT 
nony0a6pnKaT m npoBOAflT Ae<£>opMai4UKD (cm. 
npuMep 1). nojiyMeHHyio npOBonoKy noABepraioT 
cba3oo6pa3yKDLii,eM TepMnnecKofi o6pa6oTKe, 
HarpeBaa ee cseTOBbiM unw naaepHbiM ny^oM ao 
pacnnaBa KepHa u nepeMemaa 30Hy pacnnaBa 
co CKopocTbK) 0,5 mm/h. 3aTeM npOBonoKy 
noABepraKDT KoppeKTUpyKDLU,ePi TepMnnecKofi 
o6pa6oTKe b Myc£enbHofi neMU npn TeMnepaType 
70O°C. 

n p n M e p 8. npuroTaBfinBaioT LunxTy, 
npoBOA^T npeABapnTenbHyK) TepMnnecKyio 
o6pa6oTKy nnaBS^T ee, cf)opMnpyH3T 



nonycpa6"pMKaT m npoBOA^T flecpopMaL|Mio (cm. 
npHMep 1). flonyweHHyio npOBonoKy noABepraioT 
cf)a30o6pa3yK)LAew TepMMHecKoi^ o6pa6oTKe 
HarpeBaa CBeTOBbiM nnn JiaaepHbiM nyMoivi ao 
pacnnaBa KepHa, nepeMeL^aa 30Hy pacnnaBa co 
5 CKopocTbK) 30 mm/m. 3aTeM npOBonoKy 
noABepraKDT Koppeianpyiomefi TepMMHecKoui 
o6pa6oTKe b Myc^enbHoii nenu npn TeMnepaType 
700°C. 

n p u m e p 9. ripuroTaBnMBaKDT LunxTy, 
10 npoBOA^T npeABapnTenbHyra TepMUMecKy kd 
o6pa6oTKy, nnaB^T ee, c^opMnpytoT 
nony4)a6pnKaT m npoBOA^T Aec^opMaunKD (cm. 
npMMep 1). rionyMeHHyK) npOBonoKy noABepraKDT 
c^a3oo6pa3yioLAeii TepMnnecKoPi o6pa6oTKe 
(cornacHO oAHOMy H3 npt/iMepoB 1-8) n 
15 noABepraioT npoKaTKe b neHTy ao Tonmi/iHbi 0,05 
mm. 3aTeM npOBonoKy noABepraioT 
KoppeKTnpyHDLU,ePi TepMnnecKoPi o6pa6oTKe npn 
TeMnepaType 700°C. 

n p m m e p 10. ripuroTaBnuBaKOT Li_ii/ixTy, 
npoBOA^T npeABapMTenbHyK) TepMMHecKyio 
20 o6pa6oTKy, nnaBHT ee, c|DOpMnpyKDT 
nonycf)a6pnKaT n npoBOAHT ero Ae4)opMai4HMD 
(cm. npHMep 1). nonyneHHyio npOBonoKy 
noABepraKDT c^a30o6pa3yK)Li^ePi TepMUMecKoPi 
o6pa6oTKe (cornacHO OAHOMy \az npuMepoB 1-8) 
25 m npoKaTbiBaKDT b neHTy. 3aTeM neHTy btopmmho 
noABepraKDT c^a3oo6pa3yKDLAePi TepMMMecKoPi 
oopa6oTKe (cornacHO OAHOMy H3 npuMepoB 1-8) 
u ocyiAecTBn^KDT npoKaTKy b neHTy ao TontnnHbi 
0,1 m. nonyneHHyKD neHTy noABepraKDT 
KoppeKTupyKDLnefi TepMnnecKoPi o6pa6oTKe b 
30 Myc£enbHoti nenn npn TeMnepaType 700°C. 

n p n m e p 11. n pn roTa Bn m Ba kdt LunxTy, 
npoBOA^T npeAsapMTenbHyKD TepMUMecKy kd 
o6pa6oTKy, nnaB^T ee, c^opMnpyKDT 
nonyc|Da6pnKaT m npoBOA^iT ero Aecf)opMat4HKD 
(cm. npMMep 1). nonyneHHyKD npOBonoKy 
35 noABepraKDT c£a3ooo"pa3yKDiAePi TepMnnecKoPi 
o6pa6oTKe (cornacHO oAHOMy us npuMepoB 1-8) 
u npoKaTbiBaKDT b neHTy. 3aTeM neHTy 
noABepraKDT TepMunecKort o6pa6oTKe (cornacHO 
OAHOMy H3 npHMepoB 2-8). KonnMecTBO i_\HKnoB 
Ae4)opMai_\n^-qba30o6pa3yKDLAaa TepMnnecKaa 
40 o6pa6oTKa cocTaBnneT 5. nonyneHHyKD neHTy 
noABepraKDT KoppeKTupyKDii^ePi TepMUHecKow 
o6pa6oTKe b Myc^enbHOpi ne^n npn TeMnepaType 
700°C. 

fl p n m e p 12. HcxoAHbie KOMnoHeHTbi 
45 Bi 2O3, SrC0 3 , CaC0 3 , CuO, PbO (Sn0 2 nnn 
Sb 2 0 5 ), B3HTbie b nponopL^nn, 
oGecneHMBaKDLAne xnMnnecKHPi cocTaB 
coeAHHeHMPt [BhjPb (Sn nnn 

Sb) 0,3]Sr2CaiCu 2 O 8+x ] nepeMeiuMBaKDT pj\n 
50 nonyMeH^iw oahopoahoPi ninxTbi v\ npoBOA^T 
npeAsapnTenbHyKD TepMnnecKy kd o6pa6oTKy 
LUi/ixTbi npn TeMnepaType 750 °C. LUnxTy nnaBHT 
npn TeMnepaType 11 00-1 200 °C b TeneHue 5-15 
muh \a c^opMwpyKDT nony<£a6puKaT nocpeACTBOM 
BaKyyMHoC^ oTKaHKH, HanpaBna^ pacnnaB b 
55 MeAHyKD Tpy6Ky, Ha BHyTpeHHKDKD noBepxHocTb 
kotopom HaHeceH cnoPi cepe6pa. flec^opMauMKD 
nonyct)a6pMKaTOB, c^a3oo6pa3yKDLnyKD n 
KoppeKTupyKDunyKD TepMnnecKne o6pa6oTKn 
npOBonoKy npoBOAflT cornacHO npuMepy 1. 

(HpeAnaraeMbiM cnoco6 no3Bon«eT nonynaTb 
AnnHHOMepHbie H3Aenna (npoBonoKH, neHTbt) c 
BbicoKHMH cBepxnpoBOA^LAHMH napaMeTpaMn: 
noBbtcnTb TeMnepaTypy nepexoAa b 
cBepxnpoBOA^Lnee cocTo^Hne ao 93-95K n 
nonynuTb BbicoKkie sHaneHMw KpnTunecKoPi 
nnoTHOCTH TOKa 8 10 4 -2 10 5 A/cm 2 (4,2k, 
0.5-5T). 
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Oopiwyna M3o6peTeHi/m: 

1. cnocoB nonyHEHU^ 

KOMn03HL4HOHHOM IIPOBOJIOKH H3 
CBEPXnPOBOflfimEM METAJlJlOOKCl/lflHOtf 
KEPAMHKH Cl/lCTEMbl BSCCO, BKntOHafoiAu* 
npuroTOBneHne luuxTbt, npeAsapMTenbHyK) 
TepMMMecKyto o6pa6oTKy oinxTbi, 

4)opMnpoBaHne nonyqbaGpMKaTOB, AecfcopMaLjHK: 
nonyc^aGpuKaTOB m npOBefleHMe 

KoppeKTupyromew TepMHHecKotf o6pa6oTKH, 
oTni/MafoiUMftcfl TeM, mto ixinxTy nocne 
npeflBapnTenbHotf TepMunecKotf o6pa6oTKH 
noAsepratoT nnaaneHHK), c£opMnpoBaHne 
nonyc£a6pnKaTOB ocyLnecTBnnicT, HanpaBnflH 
pacnnaB b MeTannnnecKne ooonoMKH, a nocne 
AecpopMaL^nn npoBonoKy noABepraroT 
4)a3oo6paayK3LL;eM TepMMHecKofi o6pa6oTKe. 

2. Cnoco6 no n.1, oTnnMaK)U4Hficfl TeM, mto 
npeflBapnTeribHyK) TepMHMecKyro o6pa6oTKy 
u^nxTbi ocyu4ecTBfiflK)T npM 700 780 °C b 
TeneHne 35 q Ha B03Ayxe. 

3. Cnoco6 no n.1, OTni/wafOLAutfcfl TeM, mto 
npeABapnTenbHyio TepMnnecKy hd o6pa6oTKy 
oinxTbi npoBoA^T npn 810 830 °C b TeMeHne 10 
100 4 Ha Bosflyxe. 

4. Cnoco6 no n.1, oTnuMafomwticfl TeM, mto 
AeqbopMaL^UK) nonyc£a6pnKaTOB ocymecTBnpiKDT 
ra3oBOM SKCTpyanePi npu 25 820°C c AasneHneM 
ra3a b peaKi4HOHHotf KaMepe 50 600 Mlla, 
CKopocTb BbixoAa npoBonoKH nnn neHTbi 
cocTaBJisReT 0,5 150,0 mm/c. 

5. Cnoco6 no n.1, oTnHHaiomuticH TeM, mto 
AecpopMaL^nfo nonycpaGpuKaTOB ocymecTBnfltoT 
npoKaTKofi b BariKax npn 400 800°C, CKopocTb 
npoKaTKM cocTaBnaeT 5 15 cm/c. 

6. Cnoco6 no n.1, oTnuMaKDiAwtfcfl TeM, mto 
43a3oo6pa3yH3U4yK) TepMnMecKyfo o6pa6oTKy 
nocne AecpopMai^nn npoBOA^T npM 650 750 °C 
c BbiAep>KKofi Ha B03Ayxe b TeneHne 5 100 m, a 
CKopocTb HarpeBa cocTaBnneT 20 100 rpaA-/MHH. 

7. Cnoco6 no n.1, oTnuMaiOLAUMCfl TeM, mto 
cpa3oo6pa3yK>u4yK> TepMHMecKyio o6pa6oTKy 
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nocne Aec£opMaL^n npoBOA^T b aTMOcqbepe c 
43HKCnpoBaHHbiM coAep>KaHneM wcnopoAa npn 
TeMnepaType noflBneHHfl >khakom c£a3bi 810 
900 oq B f eMeHMe 5 15 muh, npuMeM HarpeB u 
oxna>KAeHne npoBOAHT co cxopocTbto, paBHotf 
nnn MeHbiuePi 10 rpaA. /mhh, a nocne 
KpnccTann3ai4MM KUAKort cf>a3bi ocymecTBnflKrr 
BblAep>KKy b TeMeHUe 10 20 4. 

8. Cnoco6 no n.1, oTnnMaK)LAMv^cfl TeM, mto 
c£a3oo6"pa3yioLJ4yK> TepMunecKyK) o6pa6oTKy 
nocne AecpopMai^Mn npOBon^T "nnasatoLAePi" 
30Hotf c TeMnepaTypHbiM rpaAueHTOM 150 350 
rpaA./cM npu 600 1200°C, CKopocTb 
nepeMeiAeHMFi 30Hbi cocTaBnaeT 10 100 mm/m. 

9. Cnoco6 no n.1, oTnuMaHDLA^^csi TeM, mto 
c£a3oo6pa3yiOLAyK) TepMUMecKy K) o6pa6oTKy 
nocne AeqbopMaL4un ocy me ct sn h \ot 
ccpoKycupoBaHHbiM cBeTOBbfM nnn na3epHbiM 
nyMKOM ao pacnnaBneHi/m KepHa BHyTpn 
MeTannnMecKoPi o6onoMKM, nepeMemeHne 30Hbi 
pacnnaBa ocyiAecT BnsKDT co CKopocTbio 0,5 30 

MM/M. 

10. Cnoco6 no nn.1, 6 9, oTnunafOLHutfcfl 
TeM, mto nocne c£a3oo6pa3yK)LAetf TepMnnecKoPi 
o6pa6oTKM npoBonoKy noABepraioT 
KoppeKTupyHDLAeM TepMMMecKoC^ o6pa6oTKe npu 
450 750°C b TeMeHne 1 15 MacOB b aTMoccpepe 
c q^wKcupoBaHHbtM coAsp>KaHMGM KMcnopofla. 

11. Cnocoo" no nn.1, 6 9, oTnuMaioLi^nkicfl 
TeM, mto nocne c£a30o6"pa3yK)Li4e£i TepMUMecKOM 
o6pa6oTKki npoBonoKy noABepratoT 
AononHHTenbHoPi npoKaTKe b neHTy ao TonmnHbi 
0,05 0,1 mm c noBTopHoPi c£a30o6pa3yKDineM 
TepMUMecKoPi o6pa6oTKoPi, npuMeM KonnMecTBO 
i^MKnoB Aecf)opMai_\n?i TepMoo6pa6oTKa 
cocTaBnfleT 2 5. 

12. Cnoco6 no n.1, oTnnMaK)i_nntfcfl TeM, hto 
b ncxoAHyio LUHXTy AononH^TenbHO bboafit 
OKCHAW CBMHL^a, onoBa \atua cypbMbi, a B 
xaMecTBe o6onoMKn ^cnonb3ykDT 
MeTannnMecKyKD Tpy6Ky, Ha BHyTpeHHKDK) 
noBepxHocTb kotopom HaHeceHo noKpbiTue H3 
cepeGpa. 
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